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RESISTANCE OF CERTAIN STRAINS OF MICROORGANISMS 
TO ULTRAVIOLET RAYS 

A. I. Zhukova, V. Kh. Kozlova 

The c r i t i c a l  W dose f o r  28 s t r a i n s  of microorganisms 
w a s  evaluated.  The a i m  w a s  t o  s e l e c t  s p e c i e s  s u i t a b l e  f o r  
experiments under Mart ian condi t ions .  The most r e s i s t a n t  t o  
UV appeared t o  be nonpigmented spore forming b a c t e r i a  and non- 
sporeforming yeas t  possessing pigments of i n t e n s i v e  c o l o r a t i o n s  
(b lack ,  r e d ) .  Microbia l  a c t i v i t y  i n  t h e  s u r f a c e  l a y e r s  of t h e  
Mart ian s o i l  seems t o  be q u i t e  probable judging from t h e  d a t a  
obta ined .  

I n  an a r t i f i c i a l  climate chamber developed and cons t ruc ted  i n  t h e  I n s t i -  /302* 
t u t e  of Microbiology of the Academy of Sciences of t h e  USSR,we conducted work 
on d e t e c t i n g  forms,among terrestrial  microorganisms, which are r e s i s t a n t  t o  
the set of physicochemical condi t ions  cha rac t e r i z ing  t h e  climate of t h e  p l a n e t  
Mars. I n  t h e  chamber, t h e  fol lowing environmental  parameters  w e r e  c r ea t ed :  
p re s su re  of 0 . 1  a t m ,  a gas composition containing no oxygen, i n s o l a t i o n  
approximating the complete s o l a r  spectrum i n  makeup, and temperature  condi t ions  
changing from+25" t o  -60°C i n  t h e  course of one day. 

It should be  noted t h a t  -- i n  microbio logica l  works of r ecen t  yea r s  
c a r r i e d  ou t  i n  chambers i m i t a t i n g  var ious  cond i t ions  -- i t  has  been pointed 
out  t h a t  t h e  simultaneous e f f e c t  _ " _  of a % number of f a c t o r s  d i f f e r s  from t h a t  of 
each f a c t o r  taken sepa ra t e ly .  The papers of Silverman and Davis (1963) thus  
i n d i c a t e  t h a t  a vacuum of t h e  o rde r  of mm Hg p r o t e c t s  t h e  c e l l s  of Asper- 
g i l l u s  n i g e r ,  Bac i l l u s  s tearothermophilus ,  Bac. megatherium, and Clos t r id ium 
sporogenes from pe r i sh ing  under t h e  e f f e c t  of e l e v a t e d  temperatures .  The same 
au thor s  have demonstrated t h a t  w h s n  microorganism cel ls  remain under an 
u l t r a h i g h  vacuum i t  inc reases  t h e i r  r e s i s t a n c e  t o  i on iz ing  r a d i a t i o n  (y-rays 
of c o q .  

Working wi th  r e p r e s e n t a t i v e s  of h igher  p l a n e t  l i f e ,  S iege1  e t  a l .  (1963) 
showed t h a t  the l a c k  of oxygen i n  t h e  gaseous mixture  of t h e  "Martian" a i r  i s  
f avorab le  t o  germinat ion of seeds  a t  temperatures below zero.  

From t h e  sources  i n  t h e  l i t e r a t u r e  it is  known t h a t  none of t he  l i s t e d  
f a c t o r s  c r e a t e d  i n  t h e  a r t i f i c i a l  c l imate  chamber k i l l s  microorganism ce l l s  
even a t  extremes considerably exceeding those  i n d i c a t e d  above. It w a s  found 
long ago t h a t  t h e  temperature  of l i q u i d  helium does n o t  k i l l  microbe cel ls  
(Becquerel ,  1950),  and a p res su re  of mm Hg i s  used f o r  t h e  p r o t r a c t e d  
p r e s e r v a t i o n  of b a c t e r i a l  c u l t u r e s .  The l a c k  of oxygen is  favorab le  t o  t h e  
development of anaerobic  microflorae,representatives of which are widely d i s -  
seminated under the most v a r i e d  h a b i t a t s  an Ear th .  The e f f e c t  of s u n l i g h t ,  
however, e s p e c i a l l y  t h a t  of t h e  shortwave u l t r a v i o l e t  p o r t i o n  of t he  spec t rum,  
on b a c t e r i a  cel ls  has  rece ived  comparatively l i t t l e  s tudy ,  a l though t h e  bac- 
t e r i o c i d i c  e f f e c t  of u l t r a v i o l e t  r ays  i s  o f t e n  used i n  t h e  p r a c t i c e  of medical  

L i n s t i t u t i o n s .  It i s  a l s o  w e l l  known t h a t  even s l i g h t  p r o t e c t i o n  i n  t h e  form 

3: Numbers i n  the margin i n d i c a t e  pagina t ion  i n  t h e  o r i g i n a l  fo re ign  text .  
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m he of a s c r e e d o ?  t h e  most va r i ed  materials is enough t o  prevent  t h e  l e t h a l  e f f e c t  - 

of u l t r a v i o l e t  rays  on microbe cel ls .  

Pre l iminary  experiments of s h o r t  dura t ion  conducted i n  t h e  a r t i f i c i a l  
Mart ian climate chamber and previous ly  repor ted  (Zhukov and Kondrat'yev, 1965) 
e s t a b l i s h e d  t h a t  i r r a d i a t i o n  i s  t h e  chief  f a c t o r  l i m i t i n g  t h e  v i a b i l i t y  of 
microorganism cells. 
w i th  pigment of a p r o t e c t i v e  co lo ra t ion .  

Therefore ,  t h e  most r e s i s t a n t  s p e c i e s  proved t o  be those  

S ince  f u t u r e  experiments e n t a i l  a study of t h e  f e a s i b i l i t y  of t e r r e s t r i a l  
forms of  microorganisms remaining fo r  a p ro t r ac t ed  per iod  and reproducing 
under a r t i f i c i a l  Mars cond i t ions ,  t h e  experiments on s e l e c t i n g  t h e  microorgan- 
i s m  s p e c i e s  most r e s i s t a n t  t o  u l t r a v i o l e t  r ays  were continued. The work, how- 
ever, w a s  n o t  conducted i n  t h e  a r t i f i c i a l  climate chamber, whose " t r ansmi t t i ng  
capaci ty"  i s  very l i m i t e d ,  b u t  under a PRK-2 mercury lamp, i n  whose spectrum 
about 20% of a l l  t h e  energy i s  i n  the  shortwave b a c t e r i o c i d i c  por t ion .  This  
is  cons iderably  more than  t h e  percentage of u l t r a v i o l e t  rays  i n  t h e  spectrum 
of t h e  DKSSh-200 lamp. Taking i n t o  cons idera t ion  t h e  above informat ion  t h a t  
a vacuum and an anoxygenic gaseous mixture i n c r e a s e  t o t a l  r e s i s t a n c e  of t h e  
cells ,  w e  must n o t e  t h a t  t h e  forms s e l e c t e d  i n  t h e  course of t h e  experiments 
w i l l  be  more r e s i s t a n t  t o  t h e  a c t i o n  of t he  whole set of f a c t o r s  i n  t h e  Martian 
chamber. 

The b a s i c  experimental  problems may be reduced t o  t h e  fol lowing:  1 3 0 3  
.-...- ---____- ~ ---~- 

1. Detec t ing  microorganism spec ie s  most r e s i s t a n t  t o  u l t r a v i o l e t  r ays  ; 

2. Determining t h e  i r r a d i a t i o n  dosage which i n d i v i d u a l  spec ie s  of micro- 
organisms can wi ths tand;  and 

3 .  Forming an i d e a  of t h e  th ickness  of t h e  sc reen  p r o t e c t i n g  t h e  cells  
from t h e  l e t h a l  e f f e c t  of u l t r a v i o l e t  rays. 

Method 

IL , 

Since  t h e  moisture  conten t  of t h e  Martian atmosphere is  c lose  t o  zero  
(Sharonov, 1958), t h e  microorganism cells w e r e  placed under a PRK-2 lamp i n  
a dry-a i r  s ta te  on t h e  s u r f a c e  of membrane b a c t e r i a  f i l t e r s .  The cel ls  w e r e  
depos i ted  on these  f i l ters by f i l t r a t i o n  of an aqueous suspension,  which makes 
i t  p o s s i b l e  t o  ob ta in  a more uniform l a y e r  on t h e  h o r i z o n t a l  s u r f a c e  than  do 
o t h e r  methods -- f o r  example, spraying.  A f t e r  i r r a d i a t i o n ,  t h e  f i l t e r s  w e r e  

germinated a t  28OC. The number of co lonies  on t h e  d i s h e s  cha rac t e r i zed  t h e  
rplaced w i t h  t h e i r  wrong s i d e s  on aga r  medium i n  P e t r i  d i s h e s ,  where they  

degree of t h e  ce l l s  ' v i a b i l i t y  a f t e r  i r r a d i a t i o n .  

The cells  of c e r t a i n  spec ie s  of microorganisms and fungi  do no t  g ive  a 

Subsequently,  w e  used an u l t r a s o n i c  device  of t h e  MSE brand 
uniform suspension,  b u t  form accumulations i n  t h e  w a t e r  i n  t h e  form of s m a l l  
conglomerates.  
(England) g iv ing  16,000-24,000 CPS p e r  s e c . t o  produce a suspension c o n s i s t i n g  
of i n d i v i d u a l  cells and f r e e  of conglomerations. Ultrasound w a s  app l i ed  f o r  
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1 min., which, as t e s t i n g  showed, had no e f f e c t  on t h e  cel ls '  v i a b i l i t y ,  b u t  
prevented them from clumping. 

The u l t r a v i o l e t  energy p e r  square cent imeter  was determined by an u l t r a -  
v io le t -meter  (UF-1, No. 9) measuring t h e  photof lux i n  t h e  wavelength reg ion  of 
220-280 mi l l imicrons .  
p laced ,  t h e  u l t r a v i o l e t  energy w a s  14,000 erg /sec .  This  i s  about a t h i r d  of 
t h e  u l t r a v i o l e t  energy on t h e  s u r f a c e  of Mars. 
t h e  cells on t h e  f i l t e r  t h e r e f o r e  received a dosage of 0.5*108 e r g / s e c  of 
shortwave u l t r a v i o l e t  rays .  

A t  t h e  p o i n t  where t h e  experimental  f i l t e r s  w e r e  

I n  an  experiment l a s t i n g  1 h r .  

Resul t s  

Table I lists t h e  spec ie s  and i n d i c a t e s  t h e  dosage of u l t r a v i o l e t  energy 
a t  which these forms s t i l l  main ta in  v i a b i l i t y .  
are p laced  t h e  microorganisms f o r  which i r r a d i a t i o n  f o r  1 h r .  w a s  l e t h a l .  
These experiments were conducted wi th  p repa ra t ions  obta ined  a f t e r  f i l t r a t i o n  
of c e l l  suspensions which had n o t  been subjec ted  t o  u l t rasound.  
s p e c i e s  i n  a l l  w e r e  analyzed i n  r e l a t i o n  t o  u l t r a v i o l e t .  
v ious ly  remarked, t h e  most resistant t o  t h e  u l t r a v i o l e t  e f f e c t  are pigmented 
s p e c i e s  (Zhukova and Kondrat'yev, 1965). Therefore ,  p r imar i ly  co lored  
s t r a i n s  w e r e  analyzed. On t h e  b a s i s  of experiments repea ted  many t i m e s ,  
shown i n  Table I ,  t h e  fo l lowing  conclusions may be drawn. 

A t  t h e  bottom of t h e  column 

Twenty-eight 
A s  has  been pre- 

1. The t e s t e d  forms of microorganisms, taken without  regard  t o  t h e i r  
phys io log ica l  f e a t u r e s ,  'dTf€EF~in^Their s e n s i t i v i t y  t o  t h e  e f f e c t  of u l t r a -  
v i o l e t  r ays .  

2. 
co lored  

The most r e s i s t a n t  proved t o  be/spores  of fung i ,  pigmented y e a s t ,  
and certain sporogenous forms of c o l o r l e s s  b a c t e r i a .  

3. Spore formation is apparent ly  no less r e l i a b l e  a p r o t e c t i o n  a g a i n s t  
u l t r a v i o l e t  a c t i o n  than  is t h e  presence of pigment -- s i n c e ,  i n  t h e  last  column 
i n  Table I l i s t i n g  t h e  spec ie s  which do n o t  t o l e r a t e  i r r a d i a t i o n  f o r  1 h r . ,  a l l  
forms b u t  one do n o t  form spores .  A t  the  same t i m e  Bac. metaterium, unpig- 
mented b u t  sporogenous, is  among t h e  species most r e s i s t a n t  t o  u l t r a v i o l e t  
ac t ion .  

The h igh  u l t r a F i o l e t  dosages withstood by pigmented y e a s t  and spores  of 
fung i  may, i n  a l l  p r o b a b i l i t y ,  be  explained by t h e  l a r g e  number of c e l l  con- 
glomerat ions i n  t h e  aqueous suspension.  

/304 

Even i n  cases where u l t rasound a c t e d  
: f o r  2 m i n .  on a suspension of t h e s e  forms, i t  could n o t  be completely f r e e d  
'of ce l l  accumulations.  From t h i s  w e  concluded t h a t , t o  s tudy t h e  t r u e  r e a c t i o n  
of ce l l s  of va r ious  s p e c i e s  t o  u l t r a v i o l e t  r a y  a c t i o n ,  we must d e a l  w i t h  a 

, s ing le - l aye red  p repa ra t ion .  Here t h e  c e l l s  are arranged i n  one l a y e r ,  do n o t  
' shade each o t h e r ,  and are no t  p ro tec t ed  from t h e  d i r e c t  a c t i o n  of t h e  bac te r io -  
c i d i c  r a y s ,  The product ion of guaranteed s ing le - l aye r  p repa ra t ions  . r equ i r e s  
t h a t  on ly  those  s p e c i e s  be used which are completely f r e e d  of conglomerations 

. a f t e r  a s h o r t  u l t r a s o n i c  t rea tment  which does n o t  a f f e c t  t h e  v i a b i l i t y  of t h e  
experimental  cel ls .  Since suspensions of spo res  and black y e a s t  d i d  n o t  
possess  t h i s  proper ty  i n  our  experiments,  they  were n o t  used t o  produce 
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TABLE 1 

EXTREME TOLERABLE LIMIT OF ULTRAVIOLET ENERGY DOSAGE FOR 
VIABILITY OF VARIOUS SPECIES OF MICROORGANISM 

Tole rab le  UV Microorganism Spore 
Dose, e r g / s q .  cm Species  Format i o n  

4.04- lo8 Torula  n i g r a  No spores  
Bac. m e g a t e r i m  Spores 

3.02 lo8 Asp. n i g e r  
Asp. oryzae 
Mucor plumbeus 
Bac. simplex 

2.02 lo8 Rhodotorula rub ra  No spores  
Rhodotorula c o l o s t r i  

1.5'108 T i r o t r i x  scabe r  Spores 

11 

1.01' 108 S t r a i n  1375* 
Bac. mycoides 
Bac. rub i f ac i ens  
Bac. l i n i  

I No spores  1 Spores 
11 

I 
0 . 5 0 1 0 ~  1 S t r a i n  1551* No spores  I !! 11 Torulops is  .g lut in is  

Micrococcus c i  t reus  
Bac . bu ty r i cus  Spores 

11 11 

11 Bac. s u b t i l i s  
Micrococcus lysodeic-  

Micrococcus aurant iacus  
ti cus No spores  

11 

I f  I 1  

11 11 

11 11 

11 I 1  

I1 11 

Species  d i e  o f f  S t r a i n  1339* 
a t  i r r a d i a t i o n  S t r a i n  1040* 
of 0.5 108 S t r a i n  2230* 

Rhodotorula g l u t i n i s  
Phot ob act erium K r i s s i  

Serratia marcescens 
Sa rc ina  f lava 
Flavobacterium 

aur  a n t  iacum 

I 1  11 

11 11 

I 1  11 

* Bacterial s t r a i n s  i s o l a t e d  from s e a  water. 

Color 
of Colonies 

~~ ~ ~ ~~~~ 

Black 
Color less  co lonies  

Black 
Y e l  1 ow-b rown 
Black 
Color less  co lon ie s  

Red-p i n k  
I t  11 

Color less  co lon ie s  

Red-pink 
Color less  co lonies  

11 I1  

I 1  11 

Red-pink 
Pink 
Y e  l low i s h 
Color less  co lon ie s  

Color less  co lon ie s  

-- 
Y eiiow-green 
P ink i sh  

Red-pink 

Pink 
Red-p i n k  
Color less  f l u o r e s c e n t  

Color less  co lon ie s  
Yellow 

11 I 1  

co lon ie s  

P a l e  yellow 

,monolayer p repa ra t ions .  
i n  which t h e  number of cel ls  i s  such t h a t  t h e i r  t o t a l  area does n o t  exceed t h e  /305 
area of the experimental  f i e l d  of t h e  f i l t e r .  
f i e l d  and a l s o  t h e  area occupied by a s i n g l e  ce l l ,  w e  may p r e s c r i b e  i n  advance 

"Single-layered" is  t h e  term w e  apply t o  a p repa ra t ion  

Knowing t h e  area of t h e  v i s u a l  

4 
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.a ce l l  concen t r a t ion  -- i n  t h e  aqueous suspension -- which, a f t e r  f i l t r a t i o n ,  
/leaves a s i n g l e  c e l l  l a y e r  on t h e  membrane f i l t e r .  
c e n t r a t i o n  w e  have a two-layered prepara t ion ,  and s o  on. 
t i o n s  w e r e  conducted i n  accordance wi th  the method descr ibed  above. 

By doubling t h e  ce l l  con- 
A l l  subsequent opera- 

The fol lowing experiments w e r e  aimed a t  determining t h e  degree of pro tec-  
t i o n  a g a i n s t  t h e  b a c t e r i o c i d i c  e f f e c t  of u l t r a v i o l e t  rays  o f f e r e d  by a screen 

The reason such an experiment 
w a s  set up w a s  t h a t ,  as a r u l e ,  microorganism cel ls  are n o t  found i s o l a t e d  i n  
t h e  atmosphere. The y e a s t  Rhodotorula c o l o s t r i  proved t o  be the  most s u i t a b l e  
f o r  t h e s e  experiments.  The t o t a l  number of cells w a s  determined by t h e  method 
of d i r e c t  count ing on c o n t r o l  f i l t e r s .  I r r a d i a t i o n  l a s t e d  f o r  6 h r . ,  i . e . ,  
t h e  t o t a l  dosage (3*108 erg /sq .  cm) d e l i b e r a t e l y  exceeded t h a t  which t h i s  form 
w a s  a b l e  t o  t o l e r a t e  i n  t h e  pre l iminary  experiments. 

' made of t h e  microbe c e l l  bodies  themselves. 

Table  I1 g ives  t h e  r e s u l t s  obtained i n  l aye r ing  a homogeneous suspension 
of Rhodotorula c o l o s t r i  cel ls .  

dea th .  
co lon ie s  on f i l t e r s  whose s u r f a c e  i s  no t  completely occupied by the  t e s t e d  
cells may be  a t t r i b u t e d  t o  several cells  g e t t i n g  on top  of t h e  f i l t e r e d  c e l l s  
i n  t h e  f i r s t  moment of f i l t r a t i o n  (usua l ly  of 2 t o  3 cc of suspension) .  There- 
f o r e  t h e  r e s u l t s  of e s t ima t ing  t h e  cu l tu red  co lonies  a l s o  d i f f e r s  g r e a t l y  i n  
t h e  va r ious  ve r s ions  of t h e  experiment. 
of cel ls  i n c r e a s e s  t h e  number of v i a b l e  c e l l s  by a f a c t o r  of fou r  o r  more. 

From t h e  t a b l e  it is  clear t h a t  incomplete 
s a t u r a t i o n "  of t h e  f i l t e r  s u r f a c e  wi th  c e l l s ,  as a r u l e ,  l eads  t o  t h e i r  11 

An except ion i s  t h e  t h i r d  vers ion  of the experiment. The growth of 

Doubling t h e  s ing le- layered  q u a n t i t y  

To speak of t h e  abso lu te  degree o f , p r o t e c t i o n  a g a i n s t  u l t r a v i o l e t  rays  by 
a s i n g l e  l a y e r  i s  f o r  t h e  t i m e  being d i f f i c u l t  due t o  t h e  above-mentioned 
methodological d i f f i c u l t i e s ,  bu t  t he  da ta  presented  i n d i c a t e  t h a t  a screen  of a 
s i n g l e  l a y e r  of Rhodotorula c o l o s t r i  reduces t h e  b a c t e r i o c i d i c  p r o p e r t i e s  of 
t h e  u l t r a v i o l e t  r ays  from a PRK-2 i m p  by a factor of a t  least four .  
g ives  an i d e a  of t h e  s l i g h t  p e n e t r a b i l i t y  by u l t r a v i o l e t  rays  of  a l a y e r  
of o rgan ic  material of b a c t e r i a l  cells  1.9 microns t h i c k  ( t h e  diameter  of a 
s i n g l e  c e l l  of Rhodotorula c o l o s t r i ) .  Moveover, t h i s  makes i t  p o s s i b l e  t o  1306 
imagine t h a t  t h e  experimental  conglomerations of cel ls  -- s o  disposed t h a t  t h e  
i n s i d e  cells  have p r o t e c t i o n  a t  least equal  t o  t h e  th i ckness  of a s i n g l e  adja-  
cen t  c e l l  -- w i l l  a l low t h e  colony t o  grow, since t h e  b a c t e r i o c i d a l  e f f e c t  of 
u l t r a v i o l e t  r ays  "21 be reduced by a f a c t o r  of f o u r  and w i l l  n o t  exceed t h e  
dosage t o l e r a b l e  by? cells of t h i s  spec ies  (Table 1). Consequently, i n  
experiments aimed a t  de r iv ing  c l e a r  f ind ings  as t o  t h e  v i a b i l i t y  of cel ls  i n  a n  
a r t i f i c i a l  climate chamber, s ingle- layered p repa ra t ions  of l i v e  cel ls  must be 
used. 

Conclusions 

This  

1. For t h e  purpose of s e l e c t i n g  spec ie s  s u i t a b l e  f o r  p r o t r a c t e d  experi-  
ments i n  an a r t i f i c i a l  Martian climate chamber, w e  determined t h e  extreme 

' t o l e r a b l e  dosage of u l t r a v i o l e t  f o r  twepty-eight s t r a i n s  of microorganisms. 

2. The most r e s i s t a n t  t o  u l t r a v i o l e t  ray  a c t i o n  proved t o  b e  c o l o r l e s s  
sporogenous forms of b a c t e r i a  and non-sporogenous y e a s t  having pigment of 
s t r o n g  c o l o r a t i o n  (black,  r ed ) .  
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NASA TT F-10,720 

Version of Number of Cells 
Experiment i n  Visua l  F i e l d  

I 1362 
2724 
5448 

I1 1596 
3364 
4960 
6728 

I11 1356 
2712 
4068 

IV 724 
1680 
2828 

- 

TABLE I1 

Area of Visua l  F i e l d  Colonies Number Cultured of 
Occupied by C e l l s ,  % on Filters 

50.6 0 
105 4 
201 107 

59 0 
124 3 
184 27 
250 109 

50 25 
100 36 
15 5 39 

27 0 
62 0 

102 22 

PROTECTIVE EFFECT OF CELLS OF RHODOTORULA COLOSTRI AGAINST 
ULTRAVIOLET RAYS (IRRADIATION DOSAGE 3- lo8 erg /sq .  cm) 

. 3 .  TcJ-.-stndgr--tfm-?&'g?Ee'~.~"f -i!EflET?%bility by u l t r a v i o l e t  r ays  through t h e  
bodies  of bacterial cells w e  developed a method of producing s ingle- layered  
b a c t e r i a l  p repa ra t ions .  

/ 4 .  It has  5een e s t a b l i s h e d  t h a t  the sc reen  c o n s i s t i n g  of a s i n g l e  l a y e r  
of Rhodotorula c o l o s t r i  cells  reduces the b a c t e r i o c i d i c  e f f e c t  of uitravlolet 
r ays  by a f a c t o r  of at least four .  

5. On t h e  b a s i s  of t h e s e  experiments i t  must be  considered t h a t  i t  is 
e n t i r e l y  probable  t h a t  t h e r e  i s  microbe a c t i v i t y  i n  t h e  s u r f a c e  l a y e r s  of 
t h e  " so i l "  of Mars. 
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